fiberdesk — graphical user interface

Modern GUI with access to parameter s
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fiberdesk — NLSE parameter setup

Parameter access in detail:

i g(w) ~ —iT "t o
— Alw)e dCO‘I‘E _—
_-[O 2 () ,,21'3" n' OT

OA
0z

|

Ill
NiQ

>

+

A+iy| 1+iT,,, a—i A(T) j RID|A(T —17) dr

H 4 fiberdl X

= Propagation par... v 2 x P
5

standaid propagatio - pulsewidth=0.000 5, acwidth=0,000 s
? waveguide Gain ”
E loss 1 | . '
g 1 TTTIE add second peak
z gain 0| |dB/m Certer | 1080 m Center | 1060 .

MFD 100 pm Width ~ | 40 nm Width ~ | 40 .
gamma | 0.0024150¢ 1/40W m) shape |const - e ot .

Esat 23561
ratio of second to first peak (set to zero for
simulation only one peak). |0
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steps 1000 file ..
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Cancel copy shape to clipboard
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fiberdesk — NLSE parameter setup

Parameter access in detail:
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fiberdesk — NLSE parameter setup

Parameter access in detail:
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fiberdesk — NLSE parameter setup

Parameter access in detail:

-n+1 n
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fiberdesk — NLSE parameter setup

Parameter access in detail:
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fiberdesk — NLSE parameter setup

Parameter access in detail:
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fiberdesk — NLSE parameter setup

Parameter access in detail:
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fiberdesk — NLSE parameter setup

Propagation setup:distance, stepsize, numercial accuracy etc.
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lecture 1

Three simple steps:

(1) create a pulse
(2) choose parameters
(3) press start

fiberdesk
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lecture 1

Three simple steps:
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lecture 2

supercontinuum generation, numerical error control and measurements

(1) create a pulse

(2) choose parameters

(3) press start

(4) put result to memory

(5) repeat with higher accuracy .

(6) check measurements . |
(7) noise and coherence £
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lecture 2

100 fs pulse, temporal windows +/-1.5 ps, 1k datapoints, temporal shift: -1 ps,
energy 1nJ, central wavelength 1060 nm
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{.; _ . . . A — | relathve T
0.8 | sebargton D_ P2 magniude | 0 | :ﬂ 2:4
Wavelength [I.Ii"! | croate field in date amay 1 create field in data amay 2
e S | anc figdtn data amay 1 add field to data aray 2
position: 0. m enengy: 000 avern wWer ————————
¥ w s 0K } Apply Cancel raest

© Copyright by Thomas Schreiber




lecture 2

Propagation parameter x

gtandard propagatio «

fiber is: NKT-ZD-975 with 2.9 um MED, all nonlinear waveguide
effects considered, Raman response function is simple g' - i
Lorentz, dispersion preselected.

MFD 3 pm
gamma |0.0268343 1400 m)

Esat 21208 )

Dispersion Setup x
simulation
nth Order Dispersion in case of dual pulse propagation
predefined fibers: [more '] 0 v dispersion | v Raman
more ... )
Taylor S¢ fused silica @1060nm atch® |0 ps/m v spm | " seff-stespening
MKT {core 1.7 pm zD'=770,1250) @ 1030nm
MKT {core 1.7 pm zD'=750,1600) @ 1030nm : i
i} nhy possible without forced
2R air silica approx@730nm arded time frame parameter

Beta?
Dy L I ¥ temporal gain saturation
Betad 7.995¢-5 air silica approx@1060nm (5.0pm=MFD 4. 2pm) ZD@1060nm me frame (betal=betal=0)
MKT LMA 5 {5.0pm=MFD 3.95.m, zD=1035nm) @ 1030nm
Beta4 | ~1.003922-00 MKT LMA 5 {5.0um=MFD 4.2pm, zD=1070nm) @ 1030nm steps 100
air silica approx@800nm (1. 7um=MFD 1.2pm) ZD@E65nm
Betzf | 1.210052-010 air silica approx@800nm (2pm=MFD 2pm) ZD@770nm stepaize 0002 m

Zhu et. al. @800nm (2pm=MFD 2pm) ZD@743nm
Betaf | 403472014 pamian @750nm, 1600nm (MFD 1.6um) ZD@E30nm

distance 02 m
Beta? Cristiani et.al. Opt.Exp. 12, 124 (2004){MFD=3. 47um)ZD @7 10nm
3 ) .
! Dudley et.al. Rev. Mod. Phys., Yal. 78, Mo. 4, (2008) Fig. 3 oy dispersion | live | measure
Betad DLEI\,I'EFtEEh GTI 1000-1080nm - 250f=s @1030nm o] b2
3 Hollow core 1060-02@1030nm s/nm./km] b 2[ps*/m]) w|write fle (100
q 2ero dispersion @ all
Betad copy beta? + group delay 0.00m
Trust region [nm] b2 [ps%m], GD[ps./m] adaptive |~
local emor
from |0 Am to | 20000 i presets: -
random temporal clipping
Cancel arating compressor >3 Save Load
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riberdesk \ \s s e © Copyright by Thomas Schreiber




lecture 2

il A T R S
“ (AL MAANIPULATIOR POSTRROCESSING KULTT-ELEMENT PROPAGATIORN NIEWY WINDOWYS
'Il |c Change pulse eneigy ﬁ q capy spedrum fwavelength| copy dispsrion
JI - & sdd nuantum noise i

rapy currert views Parter
Firkd i Linda
second ficld san ke wpectial phace T

Creste Edn

fiberdesk - {fiberd]|

-y & & poiie wnation
= ey

| setB-=-p

Start  parameter

Fropapatian

l S=t M-
A Swan M

Compress A ”
Clear [ display

Femary

propagate 0.2 m, 100 steps, different accuracy results saved via ,mmemory”>,set”

Power (dBm)

Power (kW)

8.0
7.0
6.0-
5.0-
4.0-
3.0
2.0
1.0

0.0

40.0
20.0
0.0
-20.0
-40.0
-60.0

pulse.width=1.139 ps, ac.width=51.161 fs Field
. AGAA ; r : r r r r r r r 1 o T
-1.20 -0.60 0.00 0.60 1.20
Time (ps)
sped y-axis properties Spectrum
nomalized scale
linear scale
-100dB -0 dB
-20dB -80 dB . . . .
5 LT double-click y-axis for logarithmic setup
A0 dE -100 dB | . . . . . . — e
-50 dB -110.dB 0.8 1.2 1.6 2.0 2.4
60 dB -120 dB Wavelength [pm]

position: 0.200 m enerqgy: 926.328 pJ average power: 69.475 mW roundtrip: 0
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lecture 2

adaptive algorithm is bounded by local error
as we measured everything, it can be analysed in the measurement graph

Measurement
Copy ASCIll | Copy BMP | Save EMP | | Zoom Out
| position - log

adaptive.local_error_min X |logy

BE-007 H I|

FE-007 /

6E-007 | - |

error min

SE-007 |

1

4E-007 |

3E-007 | / lJ

2E-007 11 i ,I l

1E-007 || fi | i .
1l N\ \ Example: supercontinuum

1 ™ :'r.ll h [N I\
L A N A I,.-_w___-'ﬂ'- Y s WA |

e s s v

- o. n.gz --U.tlm u.luﬁ {:.Ins l}.ll n.lu -u.|14 D.IIE» n.lls nl.z geﬂeratiOﬂ Wlth |Oca|
position (m) error <le-6

adaptive.local
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lecture 2

Measurements allow for more detailed analysis:

Measurement

| position

.pulse.energv
9.96£:010 | H“\\_
9.B6E-010 —
9. 76E-010
9.66E-010

9.56E-010

pulse.energy (J)

S 46E-010

9.36E-010 +

9. 26E-010 T

Copy ASCIl | Copy BMP | Save BMP | | Zoom Out

log x

[log ¥

0 002

T
0.04

T
006

0.08 01 012

position (m)

014

T
0is

018

Example: supercontinuum
generation energy drop due to
intrapulse Raman shift of the
soliton, once it is ,created”

f'i‘tl)erde'smk“
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L= H P Jll. L fiberdesk - fiberdl|
“ (AL MAANIPULATIOR POSTRROCESSING KULTT-ELEMENT PROPAGATIORN NIEWY WD

| e‘ t l I re 2 'Il F Change pulse eneigy ﬁ = capy spedrum fwavelength| copy dispsrion . a d.‘ mai e vanabimn l =t M=
JI - " L2 I serg-z-0 2Ar Swap M

.'r Add quantum noise rapy currert views Parser APy
Finkd i Unda Start | parameter Compress
w=cond firld sam ke tpechial phace ¥ariation

Clear .u.’ dizplay

Creste Edn Eropapatian | Ermary

noise and coherence: same starting pulse as before but with quantum noise
added, use ,propagation”>“parameter variation” dialog with iterating pulse
creation

Pulse Profile and Data Array x Faram eter Varlation E
Half 1.5 * . Cogy BMP
) - P8 w78 h
Intervall :.C’.'p,_AET.“IZ
FWHM 0.1 : ps 5075 - Save BMF
TempShift -1 : ps 'E 537.4 4 Ir‘\ Zoom QU
. £ | A
phase 0] 2 rad = 572 Il| |I .l'l |.I
= ! sunoe
: 2 | A e
Size |1k{2710) - | Type |Gauss - = 507 \ Ik Ill'r-' \ | | zoiiza
o, i o \ [~ statteng
[ 4 1 T ! 5
AN (VT i R It Ve
- = ! ! ¢ L~
wavelength 1060 | 2 nm E o \C( \;'J" || Illl' "-t___ .II oy
2nd order 0|« g2 b ||| | \O‘I
spectral phase - 5064 - ".jlll +* Legend
3rd order 0 =+ fg
- 5062 - T T T T T T 1 T T T T 1
" 1 15 z 15 3 35 q 45 5 55 L3 8.5 7 TS 8
ey le-009 | *
P 4 wan
averags power 0075 | * w iteration number 7
repetition rate 75000000 | © Hz PEC n Rk e
|Pn55—|:|.|‘.1! meate-ibte il = x Jwithx |1 4 T1h
N | gobal baraineie N vELE = "
double pulsing
— 0 relative 0
separation ps magnitude s aye o fie T s=rs ladmin Desctop otoralsupe con b ipoise g f | select baze file
| create field in data amay 1 create field in data amay 2 Aot - M21%1ed || pdate | oruce [MIL-cpecoadty rmem
add field to data amay 1 add field to data amay 2 P LT remepe———

Apply Cancsl reset # ELA s Y '=.;~¢'.ml -.n-:{h';f-u-\.:-
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i e LS T fiberd ek - Hiberdl]

| 2 Rl o mewrussmon | postPROCESSING MULTEEFERT PROPAGATICH WINDEWS
ecture [T | l \

5 . ¢ & L £

A
simgle  replay endlessly AVl ASCE Pghon | awerage awerage pind cohspence A avgerygs ayerage  coherence measdrement 1 pek AMS 20 parameter
shoe onpe Mow=  makria inbernaity  Tields o specrum. RINvd = | Spechium vs, = VI E af EFF file change wariation

Eoar Camversion 5 .. | walustien frhm BPF fis evaluabion

the saved file is now used for average spectrum and coherence calcualation via
Postprocessing > coherence

Postprocessing > average intensity

past both results to clipboard and display in e.g. MS Excel

[EN

_'—”V -

o
[

o
>

Coherence / Intensity
o
[e)}

(E/(DE,(4))
\/<‘E1 (}L)‘2><‘E2 (’1)‘2> 650 850 1050 1250 1450 1650 1850

Wavelength (nm)

|g12 (/1)| =
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lecture 3

NLSE with gain — simple amplifiers
and
pulse compression

g (1/m) = -In(Pout/Pin)/L = 4.343 * g (dB/m)

© Copyright by Thomas Schreiber
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lecture 3

100 fs pulse, +/-10ps window, 1k, TnJ
only dispersion and spm, MFD=10 um, L=1m, gain=20dB/m, profile: 1030 nm,
40 nm width, gaussian

. 4 leck 3 initial pulse.t x
Z Propagation para.. ~ # x Measurement v A x e s
=
standard propagatio - g e S e : i
PIoPag Gain % [381fs, acwidth=141841 fs
waveguide P9 ) .
gd [ gainprofis add second peak
loss a
1/m Center | 1030 nm Center | 1060 nm
i 4 60517 s
gan 1/m Width 40 nm Width ~ | 40 nm
MFD 10 Al shape |Gauss - shape const -
gamma | 433362264| 1,00 m)
ratio of second to first peak (set to zero for
= 24.561| only one peak): |0
[ — .4,00. ........ o[,oo ......... . ;m
v dispersion | % Raman gain saturation | 1=-11 J g = g{} f(l + EJ" Esaf gafn) Time (ps)
x seffst i
v sem sEstEepening user defined gain file
801 nm
parameter use ASCII file for gain profile given in g{1/m) vs. wavelength (separator TAE)
x temporal gain saturation file
steps 100
et ol m Cancel copy shape to clipboard
distance 1 m
U -] E
| live measure e 401
write file | 100 0 é
..... ———— T :
adaptive 1e-006 o 0.99 1.02 1.05 1.08 ]
local emor presets - - Wavelength [pm]
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fiberdesk - [lecture 3 initial pulse.tom]

VIEW WINDOWS
eCt u re ihow phase show cross sections w| show text panel +| view gain spectrum 16
eal part Options ... show autocorrelation
maginary part add spectrogram ~egoe I M
Spectral domain Text Panel Mise Graphs
M M 1" 11 M 1
results — with ,view">"persistance” set to 16 and 16 steps.
Measurement v O X .'I lecture 3 initial pulse.tom X I
Copy ASCHl | Copy BMP || Save BMP || Zoom Out x
tE it === Bt o pulse.width=1.013 ps, acwidth=1.478 ps Field
position - log x
I~ i 9.0
| pulse. energy * logy 8.0
= 70
1.1E-008 — y = 6.0
f £ 5.0
Iu' = 4.0
|'I :?_ 3.0
| 2.0
9E-009 / 1.0
.III 77 T T T 7
f -8.00 -4.00 0.00 4.00 8.00
= { Time (ps)
> 7E-008 - /
3 /
O / specwidth.m=48.917 nm SDECtrum
c /
v 800
[+}] f
A SEpog / “': 700
a ,-f o 600
j_.« = 500
/ L 400
3E-008 i =
7 & 200
/:’- 100
‘,»/ 0= [ e i e e e ) LI L B B LA S e e
_____/-""J 0.99 i 111 1.14
16009 +— T T Wavelength [pum]
o 02 04 0.5 08
pOSiﬁOﬂ {m) position: 1.000 m energy: 11.030 n) average power: 0.827 W roundtrip: 0
B3 steps UF NUM RF
© Copyright by Thomas Schreiber
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lecture 4

pulse compression
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L= H P Jll. L fiberdesk - fiberdl|
“ (AL MAANIPULATIOR POSTRROCESSING KULTT-ELEMENT PROPAGATIORN

| eCt U re 4 l Ssmmssnte [0 W apmibusichedi ieaied > o s L
[ 4 4 o ik
JI e i U e £55 | setE-z-0 AL | swap
Start paramreter Compress =
Clgar v display

WEENY WIRDCWS

Fiekd i Unds
second field sram e dpectial phase e

Creste Far Fropapatian Bemary
pulse compression
automatic compression minimizes autocorrelation width
Initial Parameter x Grating P8
Initial Stepsize | 0.05 m groove frequency 1250 | lines/mm
wavelength 1080 ps¥m grating penod 800 | nm _“._ N
s S
BetaZ 0.2 I:ISZ.-"II'I'I Wayelength 1850 | nm _.-;';_'::.'..
Betad | 0 ps*/m diffraction order 1 u':!;
B [0 | %
angle of incidence | 414908 fittrow
Grating Prism pair: angle of diffraction 41,4808 | ° ;
Compressor SF18 mirror
Single pass {grsting pair) dispersion:
beta? -7.8409 | ps¥m
betad | 0.03384 | ps¥/m
betad 0.0002375 | ps"4/m Cancel
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L= H - Jll. L fiberdesk - fiberdl|

“ (&R ] MAMIPULATEOR POSTRROCESSING. KIULTEELEKIENT FROPAGATION WEENY WIRDCWS

| e‘ t l I re 4 'Il |c Change pulse eneigy ﬁ q capy spedrum fwavelength| copy dispsrion - & & poiie wnation l =t Pd=
JI - " L | setB-=-p AL Swap M

.'r add quantum noise rapy currert views Parser W
Fimkd Unda Start  parameter Compress A~
s=cond field soamble bpectial phase T Clzar v display
Create Edn Fropapatian | Bemary

pulse compression

automatic compression minimizes autocorrelation width

pulse.width=119.189 fs, ac.width=167.903 fs Field
Initial Parameter x
7.0
Initial Stepsize | 0.05 m E 6.0
X 5.0
wavelength 1050 psm bu 4.0
s 4
Beta? | -7.8409 ps3m % 3.0-
Beta3 | 0.03394 ps¥/m o 2.0
1.0
Betad | -0.0002375 0.0 e e
-3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
(Grating Prism pair: .
Compressor SF18 Time (ps)
QK Cancel
[ ok | Output y
1Welcome to fiberdesk 5.0 (prerelease) ... -

Zoptimal grating distance (single pass): 0.005086 m

Optimized distance out via ,output” window i

© Copyright by Thomas Schreiber




- P

Frekd

w=cond firld

Create

pulse compression

Or via parameter variation (e.g.
length by setting up a
dispersive element)

APs

MAMIPULATEOR

lecture 4 i

& sdd nuantum noise

POSTRROCESSING.

Unda

sam ke tpechial phace

tapy spectrum fwavelength|  copy disperon

rapy currert views Parter

fiberdesk - {fiberd]|

& poiie wnation l
LY
v [ et B=z=0 AL

KIULTEELEKIENT FROPAGATION WEENY WiRIDo

Start | parmmeter|
wariation

Compress

Claar .u.’ dizplay

Edn Fropapatian Bemary
Parameter Variatian 4
Copy EMP
300 1
Copy ASCII
Save BMP
250 £
— Zoom Out
£
E 200 3
'g | surface
o 150 — | SEMES
e | statistic
i'r"\\ 100 o
3 i
o Hogy
50
| Legend
n T T T T T T T T T
4 41 4.4 4.6 48 5 52 54 56 58
grating separation (mm)
20 from to datapoints  |og steps
Pxi0 - MLSE. fiber_lengtt = | = X|m cwithx | 0.004 0.006 32
N |global paramets w-ads value = 1000%x
|gaveto file
Result = 1e15"M8 || update | oruse |ME - pulse, width -
auto &g x ' grating separation (mm)
start E i
lauto sy | pulse duration (fs)
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Multi-Element Propagation
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lecture 5

saturable

Multi-Element Propagation: - ‘@'

Example: Short Pulse Fiber Lasers
dispersion
compensation

- fiber laser cavity:  modelling of each part by the NLSE

ring cavity _ g _ _ 5

Fast saturable absorber modelled by IA. + = A+1 '8 A[ = 7/‘ A‘ A
Ny /4 271t

reflectivity R 2

R = Rmm:f 3 Rm: ] l_-l—-
| | 1+ L1,

fyit”)_erfdggk AR - v o © Copyright by Thomas Schreiber



lecture 5 e

saturable
absorber mirror

Multi-Element Propagation:

_ gain fiber
Example: Short Pulse Fiber Lasers dispersion [
compensation |
- . . Propagation parameter x
Set up the gain fiber as a standard propagation with
Satu ra b | e a | n gtandard propagatio «
g waveguide
lozs 0 1/m
save as fiber.ppf = g gan J|_S307E) |
gain profile add second peak MFD 10.0 pm
Center | 1080 nm Certer | 1060 o
@ Width ~ [ 40 nm Width ~ | 40 o gamma | 0.0023880¢ 1/{W m)
shape | Gauss - shape [const - Esat 23561
f-:l Phew ratio of second to first peak (set to zero for simulation
. ; : only one peak). |0
5 Load (Feld and Mult-Element Sethings) v diSDEFSiEII'I ¥ Faman
2 save (Feld and Muitt-Element Serings) /| gain saturation | 1e-11 1 g=g, 1"(1 + E‘/Esaf_gafn) v spm | % seffstespening
B osive ke . user defined gain file parameter
Sahdly use ASCII file for gain profile given in g{1/m) vs. wavelenath (separator TAB)
e 0 ¥ temporal gain saturation
le: .
t:'r Losd propagation parameter steps 100
oK C | hape to clipboard
2 Save propagation parameter _ Sl SepyEERe B B stepsize 0.0 m
distance 1.0/ m

© Copyright by Thomas Schreiber




lecture 5

Multi-Element Propagation:
Example: Short Pulse Fiber Lasers

Dispersion Setup

rith Order Dispersion

predefined fibers: [mure vor

Taylor Seres Expansion @

1080

nm
Betal | O ps/m | compensate at: || 800 nm
Beta? 0.02 | ps¥m D 33.52836 | ps/nmkm)
Betad 0.0 |ps¥m 5 -0.0632621 | ps/inmkm})
Betad 0
Betab 0 Beta10 i
Betaf 0 Beta 11 o
Beta? 0 Betal2 0
Betal 0 Betal3 0
Betad 0 Betal14 0
Trust region
from |0 nm to | O nm
Cancel grating compressor

saturable
absorber mirror

dispersion

output coupler

e

gain fiber

compensation

dispersion term x
aA « i+l @n
— =4 gL 4
oz 221 n or”

dispersion model
| Taylor expansion seres

Sellmeier coefficients Setup =

photonic crystal fiber

| force retarded time frame (betal=betal1=0})

v Use dispersion ¥ donot use dispersion

simulation

<—|| v dispersion || % Raman
¥ =pm | % seff-steepening
parameter

¥ temporal gain saturation

steps 1
stepsize 1 m
distance 1.0/ m
| live MmEeasure

write file | 100

save as dc.ppf

© Copyright by Thomas Schreiber




output coupler

lecture 5 _output coupler
saturable
Multi-Element Propagation: absorgggniror ‘@'

Example: Short Pulse Fiber Lasers
gain fiber

Saturable Loss *
dispersion
| Fast saturable loss )
- ol |R=r,+ar- AR _ compensation
ATy
dR | 30 % 1+ L
Pa | 100 W 4 Cancel
saturable absorber mimor with time constants
unsaturated reflectivity | 60 oL temporal response A 0.2 ps
saturable reflectivity | 30 % Propagation parameter x
saturation fluence | 80 wlfem? zaturable abzorber  ~ || Setup =
focal spot diameter | 10 pm waveguide
saturation energy | 0,062831852 nJ n
use R=RO+dR"sinF(Pi/2)(P/PA}phi_0)
RO |70 dR | 30 PA |1 phi_0 |0
save as SA.ppf

© Copyright by Thomas Schreiber
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lecture 5 output coupler

saturable

abSC Mlar"lpuLe:'inn .

Multi-Element Propagation:
Example: Short Pulse Fiber Lasers N I

_| Cr=ale doubles pulse

delay of pulzas (will be a.n oS

Outcoupling:
50% means complex multiplication e ———
Wlth Sq rt(OS) t-fimeinsec

halper vanable h= | 0

| take phase shift info account (Mach-Zehnder equivalzs

isq’-_fL'.:'
= i'a
Propagation parameter '

standard propagation - [ Complex Multpleaton Special Domain
Stﬂndﬂrd prl:lpﬂgﬂtil:ln wl-wavelengthin m, f-frequency in Hz
saturakle absorber :

Lo . helpervarable h= 0
pulse injection T
custam filter
rate equation gain ! L

aulse manipulation

polarization manipulation |
nonlinear laap mirrar | ok || cencal
z-dependence ' '

save as OC.ppf

f"i‘ber‘deskn S s - ‘ © Copyright by Thomas Schreiber



lecture 5

saturable

Multi-Element Propagation: absorber mirror center pulse

Example: Short Pulse Fiber Lasers

dispersion
Manipulation 2 compensation

| Center Pulse

Create double pulse

delay of pulses (will be centered) | 0.0 ps - Center pu|Se in the time dOmaiﬂ, helpS
take phase shift into account (Mach-Zehnder equivalent) to Converge -the pU|Se, as Chaﬂge |S
Complese Multiplication Temparal Domain measured |r] the t|me doma|n

1 - Can be combined with OC.ppf

i1

Complex Multiplication Spectral Domain

i1 Propagation parameter x
pulze manipulation = || Setup =
Cancel = save as center.ppf

fi ber‘desk SR . e © Copyright by Thomas Schreiber
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saturable

absorber mirror

Multi-Element Propagation:
Example: Short Pulse Fiber Lasers

dispersion
compensation [ |

- assign all files to elements in the
order of the cavity

_ Select the |ast one to be Updated Postprocessing Muiti-Element Propagatian
after each loop to see convergence * * * B
|IV6 fiber d o sam,  Element Element Element Element Element E
. . . - 5w g T aw gw

Propagaie << sam »>»

- lcons change according to selected —
% Watr:h Assign propagation file to element inen
StatUS Load << sam >>

user dafined measur
Saye << sam >=>»

data
pulsel v use in forward loop
MO - index ~ update atter forward propagation
M1 - position save field after forward propagation
M2 - distance
M3 - datapoints use in backward loop
M4 - pulse enengy

M5 - pulse avg_poy
MG - pulss rep_rate

M7 - nuilza shift -17 795 a=

fi ber‘desk SR . e © Copyright by Thomas Schreiber
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saturable

absorber mirror

Multi-Element Propagation:
Example: Short Pulse Fiber Lasers

dispersion
compensation [ |

(1) create initial pulse, e.g. quantum
noise

(2) start loop (switch on ,write slice ...,
for later postprocessing) pe— ,

| awitch off individual "live" settings

update view after each loop

| write slice to bpf file 100 frames

Main Manipulation mandmum number of loops | 1000

Automatic stop of loop

| stop if converged

condition

Propagate | Start |Parameter  Save
Single Loop| Loop | Variation single loop minimum change of | 12-006

Propagation foratleast | 1p loops

QK Cancel

fi ber‘desk SR . e © Copyright by Thomas Schreiber



lecture 5

saturable
: : absorber mirror center pulse
Multi-Element Propagation: g

Example: Short Pulse Fiber Lasers

gain fiber

Postprocessing > Python dispersion

) compensation
e r————

-D-H-L-'l' W .1- - l Hl":-""_ "~

B &8 @ bl b

smr) | et | ) |

1000

800

600

distance {m]
distance (m)

400

200

- ! -10 =3 0 5 10 273 280 285 290 295
k. showld time (ps) frequency (THz)

f'i‘berdesk
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lecture 5

Start | Parameter

have single

WL
MAMNIPULATION

00006606066

Element Element Element Element Element Element Element Element E

POSTPROCESSIMNG MULTI-ELEMENT PROPAGATION

Loop| Variation laop = ¥ . S 4= 5 6> = ar
. . Propagation Element Container
Multi-Element Propagation: =
Example: Short Pulse Fiber Lasers @
£ . i
| o F AT
Multi-element > Parameter variation Eaf A
. . = = - ’;J
we change the gain saturation to i };ﬁ/
increase the energy (remark: intracavity il | | ||
energyl) ‘ intra-cavity energy (nl)
20 use final field as input for next loop {otherwise use start/create field) t datapoints  log steps
[Pxﬁ—NLSE.gain_samrE v]: x| J owithx | 1e-011 1e-009 10 -
in [Hementﬂ—ﬁbe v] x-=ds value = 129" M2

| save to file CiUzers\admin'Desktop\tutorial\osdllator simulations\energy scaling. pvf

select base file

Result =

M20 - spec.width.m

-

123" M0 | ypdate | oruse
start
multiple elements auto axis x| infra-cavity energy (nd)
auto axis y | spectral width (nm)

setup >3

fiberdesk

© Copyright by Thomas Schreiber




PAATIIN MANIPULATION POSTPROCESSIMNG MULTI-ELEMENT PROPAGATION

~ 0000606066

have single | Element Element Element Element Element Element Element Element E

lecture 5

Start | Parameter

toos| Mamgbun | loop. | 1t 2o 3% 4 s &= v B
Multi-Element Propagation: e S
Example: Short Pulse Fiber Lasers @
£ I 1T

| - = S T
Multi-element > Parameter variation R
we change the gain saturation to g " j;,/
increase the energy (remark: intracavity Kl | | ||
e N e rg y I ) SR S : r.a-.ril'l',,r ene:;f (nl) ! ) q

2500 2500

2000 2000

)

1500 S 1500

distance (m)
distance {m

1000 1000

500 - L™ 500
. .‘ﬁﬁﬁr‘"
' AL -
T v o ‘
. 0
-10 -5 0 5 10 260 270 280 220 300
time (ps) frequency (THz)

fiberdesk  “oi5 Lot arifestacr oife) © Copyright by Thomas Schreiber



lecture 5

Manipulation

x & §|C

Multi-Element Propagation: Propagate Start Parameter] Save
single Loop Loop Variation |single loop
Example: Short Pulse Fiber Lasers Propagation
Intracavity evolution Dialog x
(1) S@'ect Stable SO|Ut|On ﬂ’om Saved forward  backward filename distance slices
_IC. | ¥ ans\fiber-simple, ppf 0 m | 100
| e ' *simulations\DC.ppf ] m | 10
(2) specity slices to be saved . imuations\SAM.ppf | |0 m [1
" simulations\OC. ppf i] m |1
(3) pOSt process W wilations'center. ppf ] m |1
W 0 m [0
W ] m |0
' ] m |0
[—; v 0 m |0
é w 1] m |0
sum of slices: 113
Cancel Saveto BPFfile =

Freguency (THz}

fiberdesk "oy el © Copyright by Thomas Schreiber
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File Main Manipulation

x & & C
MUltl'Element Propagatlon Propagate Start Parameter] Save

single Loop Loop Variation |single loop

Example: Short Pulse Fiber Lasers Propagatior

soliton solution: beta2@DC = -0.06 ps®

TOZEANS |
[ IERER
- . EEIEE |
E E
0] €l 1
= 2 eI |
m M
e )
¥ i
= b 6t |
E5JEM32
GATEMI o e — - T
5 i L5 2 25 3 5
position

D'Ell‘! -5 0 5 10 ) 275 280 5 290 295

fime (ps) frequency (THz}

© Copyright by Thomas Schreiber



lecture 5

.I’ ~ ]

File Main

e & §|C

Multi-Element Propagation: Propagate  Start

single Loop Loop

Example: Short Pulse Fiber Lasers Propagatior

soliton solution: beta2@DC = -0.04

2

PS

35 1.5
3.0 3.0

2.5 2.3 =

£ g

=

ﬂ:} 2.0 dg'_' 2.0 g

z 2 E

N o) o
%15 S
1.0 1.0
0.5 0.5
0.0 0.0

10 _5 i 5 10 275 280 285 290 5
time {ps) frequency (THz}

Parameter] Save
Mariation |single loop

. TGERLE

3SEEQLE

23EEQLY

AAIREELY

Manipulation

T T T
8183 B17 BTy L] LELE 1L 1= L5

posidon

© Copyright by Thomas Schreiber
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lecture 5

Manipulation

e & §F| €

Multi-Element Propagation: Propagate  Start Parameter]  Save
single Loop Loop Variation |single loop
Example: Short Pulse Fiber Lasers Propagation

toward stretched pulse: beta2@DC = -0.03 ps®

SLBE-OLT — o,
3.5 35 |'
! |
3.0 3.0 TRIAC | |
I', I| |
25 25 — Z6ES0LI | H .'
E E = ' . |
o a 3 | |
E 2.0 § 2.0 T remon | | |
i 9 @ | '
®1s 1.5 S |
= 2 1BE0ET I| 1
s |I
1.0 1.0 L
TOBE-013 | | II
0.5 0.5
LEBE-D13 - - -
0.0 0.0 1209 pali] 1211
-10 -5 0 5 10 275 280 285 290 295 2 E
time (ps) frequency (THz} position

fiberdesk "oy el s vrie © Copyright by Thomas Schreiber
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File Main Manipulation

e & §|C

MUltl'Element Propagatlon Propagate Start Parameter] Save

single Loop Loop Variation |single loop

Example: Short Pulse Fiber Lasers Propagatior

similariton: beta2@DC = -0.02 ps®

1.38E-032 <
1.34E-002 <
1.28E-032 <

124002 =

distance (m)
distance (m)

pulse.width (s)

L1862
AT LIRS

8- : ; T

! K ¢ i 3 5 L

=10 -5 0 5 10 . 275 280 285 200 245 8515 851 4515 553 G515 o84 9545 555
time (ps) frequency (THz} position

fiberdesk &z onond © Copyright by Thomas Schreiber
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File Main Manipulation

e & §|C

MUltl'Element Propagatlon Propagate Start Parameter] Save

single Loop Loop Variation |single loop

Example: Short Pulse Fiber Lasers Propagation

chirped pulse oscillator: beta2@DC = +0.02 ps®

5 JSE-012 - A
3.5 35 /
3.0 3.0 5 FRE-2 -
23 5 _—
E E = 5260z
] f =
=20 220 H
b | .
[ A0 ko
it et ER
1.0 10 |
5.16E-612— '.
0.5 0.5 \
|
5 126012 L | : L : ]
0.0 0.0 3021 S J023 024
-40 -30 -20 -1 0 o 20 30 40 280 IB1 282 283 284 235 28R
time {ps) fregquency (THz) position

fibe"desk, ‘ 4 © Copyright by Thomas Schreiber
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Rate-equation gain

(1) Simple cw oscillators
(2) Nonlinear fiber amplifiers (in preparation)

© Copyright by Thomas Schreiber




lecture 6

Rate-equation gain

Solution of stationary rate-equation (effectivly two level system) to describe
pump- and signal powers as well as inversion in lasers and amplifiers.

i 30 T
em® _ emission
g M8 g 55, absorption
2F5,rz = f 11000 & _
- e 10200 2 204
976 nm S5 15-
1035 nm "3 1
@ .
Bidia 1087 nm 3 10
m o
d 1490 2
12 — b 600 © 0
v v LI | v ] L L] Ll T T
a 0 850 900 950 1000 1050 1100 1150

wavelength / nm

fiberdesk "oy el © Copyright by Thomas Schreiber



lecture 6

Rate-equation gain

Solution of stationary rate-equation (effectivly two level system) to describe
pump- and signal powers as well as inversion in lasers and amplifiers.

+
P/S abs
dz
abs
> 7 o
n. = i=P,S b;
2 abs em
o +0o; )N 1
( i i ) 0 FIPI + =
i=P,S U| T

ASE

' N

em - r - em
= i(Uplsﬂz T Op;sy +Qpys )'Fp/s Pojs FopisNy - 2-hop s -Av

ny=n,+n, is the sum of upper and lower population density

a p/sis an additional loss (background loss)

Tas the upper state lifetime

assumed that the pump absorption can be described by a simple overlap
factor I, which is the ratio of doped core area to pump core area.

© Copyright by Thomas Schreiber
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Simple cw fiber laser — pumped from both sides

R=100%@1060nm 5 m, 400-30-Yb R=4%@1060nm

200 — 14

100 W e 100 W
976 nm “‘E 976 nm
S+
s 7
— ¢ &
E | —n

I

position / m

fiberdesk L&A T e ne G i © Copyright by Thomas Schreiber
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Simple cw fiber laser — pumped from both sides

t f |d d . f -t Pulse Profile and Data Array x
empty field and numerics firs R
Intervall - P8
FWHM 1] Zps
Rate Equation Setup
TempShift i} : ps
numerics pump signal RE-doping mirrors ohase 0] * wmd
Size |1k (2410) ~ | Type |Gauss -
fiber length 5| m
longtudinal steps anlong fiber 100 H ” wavelength 1060 | _ nm
2nd order P
spectral phase 0 - E
Forward Backward vd order 0] - fa
useNLSEfrerard f —- A use NLSE backward s
i (instead of powers orily) {instead of powers only) .
average power 0w
max. iterations 280 repetiton rate | 75000000 | * Hz| PEC
COnVergency 1e-007 include ASE [v] scramble spectral phase
deceleration 0.99 add guartum noise {one photon per spectral node)
double pulsing
separation 0 ps ma;ﬂ:ﬂ;z 0
| create field in data amay 1 create field in data amray 2
add field to data amay 1 add field to data amay 2
0K Cancel reset
o] e

fiberdesk & saSlansnd © Copyright by Thomas Schreiber
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lecture 6

Simple cw fiber laser — pumped from both sides

Rate Equation Setup x

numerics| pump [signal RE-doping mirrors

forward pump backward pump
pump core diameter 400.0 | pm I] H pump core diameter 400.0 | pm
background loss 0 1/m i ' background loss 0 1/m
Pump Forward Pump Backward _
small signal small 5'5!"'EII
power wavelength  absorption POWEr wavelength  absomption
(W) m) {dB/m) (") {nm}) (dB/m)
100 976.0 | | 0.9467770 | IDd 97a.0 0.9457770
0.0 976.0 | | 0,946770 e 0.0 976.0 0.946777/0
0.0 976.0 | | 0.9467770 ' 0.0 976.0 | | 0.9467770
0.0 976.0 | | 0.9467770 [ TN I_ — Pump Core 0.0 976.0 | | 0.9467770
| |
| i

0.0 976.0 | | 0.9467770 0.0 976.0 | | 0.94567770

© Copyright by Thomas Schreiber
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Simple cw fiber laser — pumped from both sides

Rate Equation Setup X

numerics pump signal RE-doping mirrors

signal background loss W || 1/m M1 b2
= g
output
input . . T
Input Field Qutput Field | save output M2to data amay
| use data amay | | save output M1 to dats amay
|
: "~ Signal Core

fiberdesk &3S Lanend © Copyright by Thomas Schreiber
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Simple cw fiber laser — pumped from both sides

Rate Equation Setup X

numerics pump signal RE-doping mirrors

ElTl .Iﬂlb T t 'SEL—E.L E m
centrg ti
335 CiO 15510n S‘Clrp Lu} ross an ‘i

host material deng
i ki Emission Ab=orption
density | 3.5 cross section Center (nm)  Width {(nm)  cross section Center {(nm)  Width (nm}
{1e-27 m3) {1le-27m3) l
2325 975 4 180 950 0
gtomic mass ions
150 o7a 12 350 8495 24
| 340 1025 20 510 918 22
175 1050 al 160 971 12 f\
150 1030 a0 2325 975 4 / ! g ;
: ? A ¢ o : 0.840 0.910 0.980 1.050 1.120 1.190
0 0 0 0 0 0 Wavelength (um)
0 ] i 0] i) i} ;
I Load || Save ] | Copy To Clipboard {ASCIT) ]
0 ] 1] 1] (K] 0

|sele1:t Toss.sections .. v| l oK ] | Cancel |
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Simple cw fiber laser — pumped from both sides

Rate Equation Setup X

numerics pump signal RE-doping mirrors

mimor M1 s = mimor M2
[ [ M1 M2 [
center 1060.0 | nm I] |:| center 1060.0 | am
width 1.0 | Am width 1.0 | nm
reflectivity 100 | = reflectivity 4|+
reflectivity outside 0.0 | % reflectivity outside 0.0 %

Intermediate Mirror (MDD

intermediate mimor

certer | 1060.0 | am reflectivity  1060.0 | %
width | L0 | am  reflectivity outside 0.0 | %
at position | 0.0 m

© Copyright by Thomas Schreiber
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Simple cw fiber laser — pumped from both sides

Results:

puks wen=0006 9 &0 wicin=0 000 =

180 r 12
160
— 10
140 —
———
—g-—- 120 -8 =
[ =
— e
@ o .E
g [«H]
Q >
=B - 4 C
- 2
0 T T T T T T T T T 0

position (m)
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lecture 7

Pulse manipulation

(1) Phase modulation

Ui
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lecture 7

Pulse manipulation

(1) Phase modulation

Pro pagaU on para meter = | Complex Muttiplication Temporal Domain

pulse manipulation || Setup 3 cos(5%cos(2%3, 141510 ~9%6%t))

waveguide i | sin(5%cos(2*3. 141510976 ™))

Complex Muttiplication Spectral Domain
1

i1

Cancel

© Copyright by Thomas Schreiber
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lecture 8

Nonlinear Optical Loop Mirror

fiberdesk &z Lanend s il © Copyright by Thomas Schreiber



lecture 8

Nonlinear Optical Loop Mirror

The loop shall be a single
nonlinear element without
dispersion.

Save this element as
testNOLM.ppf

b : ’ . fiberdl X
Propagation paramet.. ¥ * * Watch w R TR
standaud propagston = uger definad measuramants >>
waveguids dat= value
: pulsel -
s 1/m MD - index ]

gain 0 dBim M1 - postion 0.000m
. . M2 - distance 0000 m

ML 0 um M3 - datspaoints 1024
W4 - pulse energy 1600 pd

gamma | LO0041Za03 2253068458 /W m)

Ezat A
stmulaton
&k Rainan

x dispersion
vospm x  selfslzepening

parameer

x temporzl gasin saturation

aleps fog
stepsize onl m
distarice 1 m

measure and parse
wirite filz 140

ar=piive .0007

local error
presats .

random temoaoral cipping

salt phase modulation term

dA

E: e

__ g g

E Aﬂﬂ'

nz

R

+ iy (1 — fR)A(T)

and Aggy = 7 MFD?

% =xclude SPM

©

Copyright by Thomas Schreiber
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2nd output
INPUL =—— R : \
) , _ coupler —K 3
Nonlinear Optical Loop Mirror
QUIDUL e o 1
_ = R "---.- 4
2Nd INPUL s—
Choose the NOLM element and |
. clementt  Ci\Usersitsch\Downloads\Fiber-desk laser simulation\i select s>
start the setup d|a|og |
element2 | select=>
element3 select=>
Manipulation Postprocd element4 select == .
E Change pulse energy . elements | selects>
3 add quantum noise ﬂ
Field sreamal T Undo v| use output port if both options are choosen, it's fied
| use 2nd cutput port to put the output in both fields
Create
Propagation paramet... v # X capcel - o i
|standard propacation - |
standard propagation
saturakle absorber
pulse injection ' . .
custom ter " Select the previously saved file for the
rate equatllun gain B/m . .
eleraton manipuion . first element. The output will be the
nonlinear loop mirror
gamma U. < T/W m) reSU|t

fiberd ‘ a3l - © Copyright by Thomas Schreiber



Pulse Profile and Data Array x

lecture 8

nval il
FWHN 10000000 % ps
Nonlinear Optical Loop Mirror e e
phase o - BE
Size 1k(2%10) ~ Type Gauss -
In order to see the effect of the
nonlinearity in the loop, please wavelength 1060 2 om
define a new pulse as ,cw” e 0| #
according to the settings here. e L
energy 1.6e-12 *
average 01 % w
repetition rate 6.25e410 | * Hz |[v] ew

scramble spectral pha...
add quantum noise (one photon per spectral no...

double pulsing

relative

separatior PS5 magnitude

| create field in data array 1 create field in data array 2

add field to data array 1 add field to data array 2

QK Apply Cancel
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Parameter Variaticn

| t 8 ) - _ Cooy BMF
ecture 1 fﬁ" {X’ ‘&\ fﬂ‘ﬁ. M F)/‘ N/ Copy ASCI
/' \I'| /'I AN .l\l f \ I! \ |/ ff' \ I'\I / Save BME
=\ VN VY Zeom 0
] | \ | | | '.,I
/ V/BRY, vV V \ J
o D64 ."II I'I.! Ii'llil ."'. : | marker
= / ".II / \ -~ aeries
= [ \ / "-,1 —n1
D4 { '\ / ' :
."I \ fl "'.I =8 Hogx
|"l l'l. | II.I _Hogy
g2 f \ / \
; \ i :
/ \ / \\\ i Lagend
! \ /
P4 e Spiing
B =t T T T T 1
0 20000 40000 60000 20000 100000
power
| 20 i i datapomnis lag
Pe70 - pulsa.average_ v = ¥IW o wathx |1 100000 el
in | ¥-axig value =
Py24 - NLSENDIM:R = = ¥ Jwilhy | 0.1 0.4 2
| ] V-aXgvalie =
save o fils
Heaul = M5% || upd=te | oruse M3 - pulse avg_power
L laulo axisz | pover
s [ Jauto sy i_';fili |

Now the power is varied in the parameter variation dialog as well as the splitting
ratio. The displayed results is the output power over the input power.
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